Summary box
What is already known about this subject?
► There is a significant variable response among patients with Crohn's disease (CD) receiving anti-tumour necrosis factor-α (TNFα). ► About 10%-30% of patients with inflammatory bowel disease have no initial response to anti-TNFα treatment. ► Over 50% of the anti-TNFα initial responders have lost response to treatment over time. ► Genetic polymorphisms in TNFRSF1A and TNFRSF1B have been shown to affect anti-TNFα treatment response significantly among patients with CD. ► The risk for tuberculosis infection has substantially increased in patients receiving anti-TNFα. ► Mycobacterium avium subsp paratuberculosis (MAP) is the most investigated suspect to be a causative pathogen in a subset of patients with CD.
What are the new findings?
► The single nucleotide polymorphisms (SNP) TNFRSF1A:rs767455 and TNFRSF1B:rs3397 were both associated with lower expression of their corresponding genes. ► MAP infection susceptibility is associated with the SNPs TNFRSF1A:rs767455 and TNFRSF1B:rs3397. ► SNP haplotype analysis of TNFRSF1A:rs767455 and TNFRSF1B:rs3397 indicates that the G-T haplotype has a significant difference in frequency among patients with CD, and MAP infection susceptibility is also associated with this specific haplotype.
How might it impact on clinical practice in the foreseeable future?
► Genetic testing for TNFRSF1A:rs767455 and TNFRSF1B:rs3397, in addition to MAP infection screening methods, should be considered before initiation of anti-TNFα treatment in CD for a better clinical outcome. Open access IntroductIon Tumour necrosis factor-α (TNFα) is a proinflammatory cytokine that has been found to be dysregulated in numerous inflammatory disorders including rheumatoid arthritis, psoriasis and Crohn's disease (CD). 1 2 It is secreted primarily by macrophages, but it can also be produced by lymphocytes, natural killer cells and mast cells. 3 In order to exert its biological activity, TNFα binds to two different cell-surface receptors: TNFα receptor superfamily 1A (TNFRSF1A), which is expressed in most tissues, and TNFα receptor superfamily 1B (TNFRSF1B), which is typically found in immune cells. 4 Targeting TNFα by monoclonal antibodies (anti-TNFα) such as adalimumab (Humira) and infliximab (Remicade) has shown that blocking this cytokine signalling pathway may control the symptoms of hyperactive immune response in CD initially. 5 However, there is a significant variable response to anti-TNFα therapeutics among patients receiving this treatment. 6 Additionally, clinical observations have reported that 10%-30% of patients with inflammatory bowel disease have no initial response to anti-TNFα treatment, and over 50% of the initial responders have lost response to treatment over time. 7 Clinical studies have shown that anti-TNFα therapeutics have many deleterious side effects, such as malignancy, neurologic disorders, heart failure and, more importantly, multiple infections. 8 Since TNFα plays a critical role in the immune defence against infections, it was unsurprising to notice that TNFα-deficient animal models are more susceptible to develop mycobacterial infections compared with wild-type controls. 9 On the other hand, patients receiving anti-TNFα treatment are at higher risk for meningitis, sepsis, histoplasmosis, and pneumonia. [10] [11] [12] Moreover, the risk for tuberculosis development has substantially increased in patients receiving anti-TNFα, which might raise a question about their effect on Mycobacterium avium subsp paratuberculosis (MAP) infection in a subset of patients with CD. [13] [14] [15] [16] Thus, prescribing anti-TNFα to patients with CD without considering MAP infection could worsen disease condition eventually.
Genetic polymorphisms are associated with the overall risk of developing an inflammatory disorder, and they play a role in the treatment outcome. For instance, polymorphisms in TNFRSF1A and TNFRSF1B have been shown to affect anti-TNFα treatment response significantly among patients with CD. [17] [18] [19] However, the mechanism of those effects remains unknown. Predicting the efficacy of anti-TNFα treatment based on patient's genetics and MAP infection status would be more effective and beneficial to patients by reducing the risk for adverse effects and treatment cost.
In this study, we investigated the frequency of single nucleotide polymorphisms (SNP) in TNFα, TNFRSF1A and TNFRSF1B among patients with CD in comparison to healthy controls, in addition to their effect on gene expression and susceptibility to MAP intracellular infection. Finally, we further linked the effect of SNPs in these genes and presence of MAP to anti-TNFα treatment response in patients with CD.
MaterIals and Methods clinical samples
Peripheral blood from a total of 104 subjects (54 patients with CD and 50 healthy controls) was included in this study. All participants provided written informed consent prior to enrolment.
Each subject provided two 4.0 mL K 2 -EDTA coded blood tubes, where one tube was processed for detection of MAP infection, and the second tube was processed for gene expression analysis and genotyping of nine SNPs in TNFα, TNFRSF1A and TNFRSF1B. There was no significant difference in average age or gender between the two groups (CD vs healthy controls). All subject demographics are listed in table 1.
extraction of dna and detection of MaP by IS900 nested Pcr
Purified white blood cells separated from blood samples were cultured in BD Bactec MGIT Para-TB Medium for 6 months of incubation at 37°C. Mycobacterial growth was measured initially using the ultraviolet illuminator and 1.0 mL was used for DNA extraction and nested PCR (nPCR) analysis as described earlier. 15 20 Briefly, MAP infection was detected using MAP-specific IS900 derived oligonucleotide primers. Round 1 of amplification was performed using P90 ( GTTCGGGGCCGTCGCTTAGG) and P91 ( GAGGTCGATCGCCCACGTGA) primers following these conditions: 95°C for 5 min, then 34 cycles of 95°C for 1 min, 58°C for 1.5 min, 72°C for 1.5 min. Final extension of 10 min at 72°C. The amplified product from this round was 398 bp.
A second round of amplification involved using AV1 ( ATGT GGTT GCTG TGTT GGATGG) and AV2 (CCGC-CGCAATCAACTCCAG) primers, which was performed following these conditions: 95°C for 5 min, then 34 cycles of 95°C for 1 min, 58°C for 1.5 min, 72°C for 1.5 min. Final extension of 10 min at 72°C. The final product following this round was 298 bp, which was identified on 2% agarose gel. *Gene mutation and location data were obtained from the National Center for Biotechnology Information (NCBI). 21 AA, amino acid; CD, Crohn's disease; IBD, inflammatory bowel disease; MS, multiple sclerosis; Q, glutamine; R, arginine; RA, rheumatoid arthritis; SNP, single nucleotide polymorphism; TNFα, tumour necrosis factor-α.
Identification of snPs in TNFα, TNFRSF1A and TNFRSF1B genes Genomic DNA was purified from peripheral blood leucocytes using QIAamp DNA Blood Mini Kit (Qiagen) following manufacturer's instructions. TaqMan genotyping assays (Applied Biosystems) for TNFα (rs1800629, rs1799964, and rs1799724), TNFRSF1A (rs4149584, rs767455, and rs4149570) and TNFRSF1B (rs1061624, rs1061622, and rs3397) were performed on isolated DNA samples following manufacturer protocol at the University of Florida Pharmacotherapy and Translational Research Department (Gainesville, FL). Briefly, the reaction mixture had 2× TaqMan master mix and 20× assay working stock (primers with VIC and FAM fluorophore attachment). Isolated DNA samples along with reaction mixture and controls were added into a 384-well microtitre plate, following RT-PCR assay (one cycle at 95°C for 10 min, 92°C for 15 s and 50 cycles at 58°C for 1 min) using Applied Biosystems QuantStudio RT-PCR System. The plate was analysed for VIC and FAM fluorophores at 551 and 517 nm, respectively. Fluorescence of VIC or FAM alone determined that the sample had allele 1 or allele 2, while VIC and FAM together determined that the sample was heterozygous for each allele. Gene mutation, location and phenotype for SNPs used in this study are summarised in table 2.
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Gene expression of TNFα, TNFRSF1A, and TNFRSF1B by rt-Pcr RNA was isolated from 1.0 mL of whole blood samples, and used for cDNA synthesis in order to analyse gene expression of TNFα, TNFRSF1A, and TNFRSF1B via RT-PCR. Briefly, 1.0 mL of blood was transferred into a 2.0 mL RNase-free microcentrifuge tube, and then centrifuged at 1000 rpm for 5 min. Pellets containing leucocytes were collected and suspended in 1.0 mL of TRIzol reagent (Invitrogen) for 15 min of gentle shaking. A total volume of 0.2 mL of chloroform was added to each tube, and the mixture was then incubated at room temperature for 3 min. All tubes were then centrifuged at 11 400 RPM for 15 min at 4°C. The upper aqueous colourless phase containing RNA was transferred into a new 2.0 mL RNase-free microcentrifuge tube. A total volume of 0.5 mL of 100% isopropanol was then added following 10 min of incubation at room temperature. Each tube was then centrifuged at 11 400 RPM for 10 min at 4°C. A total volume of 1.0 mL of 75% ethanol was used to wash RNA pellets and then centrifuged at 8700 RPM for 5 min at 4°C. RNA pellets were air-dried for 15-30 min, suspended in 20 μL of RNase-free H 2 O, and finally heated at 60°C for 10 min. 
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statistical analysis
All statistical tests were performed using GraphPad Prism V.7.02. MAP infection incidence was used to estimate the power of this study. Since patients with CD have MAP infection incidence proportion of nearly 40%, while in healthy controls MAP infection incidence proportion is about 10%, 13 14 at 90% power and alpha (type I error) of 0.05, our calculated sample size was 84 samples (42 CD and 42 healthy controls). We also aimed for a similar number of Matsukura et al's anti-TNFα treatment response study which included 81 participants. 17 For genotype frequency, we used two-tailed Z test and OR analysis to compare between the presence of SNPs in patients with CD versus healthy controls. At each locus examined, SNP genotypes were subcategorised into four groups (major, heterozygous, homozygous and both heterozygous+homozygous), then tested for significance within each subcategory at p<0.05 and a 95% CI. For haplotype analysis, we used Fisher's exact test since we had a smaller number of samples. Patients with CD were subcategorised into four haplotype groups and then tested for significance in-between MAP infection groups. A p value <0.05 was considered significant. For gene expression analysis, first, we compared the average gene expression in CD versus healthy control for each gene regardless of their genotype using unpaired two-tailed t-test at p<0.05 and a 95% CI, then we compared individuals who carried two major alleles with others for each SNP tested by using one-way analysis of variance, where Newman-Keuls posttest was selected for multiple comparisons. For MAP infection susceptibility, we compared infection proportions between SNP genotypes and major alleles in CD group and healthy controls separately using two-tailed Z test at p<0.05. Age and gender were not included as covariates as for all data sets no age or gender effects were observed.
results
Frequency of snPs in TNFα, TNFRSF1A, and TNFRSF1B among patients with cd
We have assessed 104 subjects (54 patients with CD and 50 healthy controls) for three SNPs in TNFα (rs1800629, rs1799964, and rs1799724), three SNPs in TNFRSF1A (rs4149584, rs767455, and rs4149570) and three SNPs in TNFRSF1B (rs1061624, rs1061622, and rs3397). Genotype distribution of these SNPs conveyed the Hardy-Weinberg equilibrium.
We identified one SNP in TNFα (TNFα:rs1800629) with a significant difference in frequency in patients with CD compared with healthy controls (p<0.05). The TNFα:rs1800629 GA genotype was found in 20/54 patients with CD (37%) compared with 7/50 healthy controls (14%) (OR 3.6, 95% CI 1.37 to 9.54). As shown Figure 1 Gene expression level of TNFα, TNFRSF1A and TNFRSF1B according to each allele type in selected single nucleotide polymorphisms (SNP) (A-I) among patients with Crohn's disease (CD) (n=54) and healthy controls (n=50). Unpaired two-tailed t-test at p<0.05 and a 95% CI was used to test gene expression significance in patients with CD versus healthy controls, then one-way analysis of variance (ANOVA), where Newman-Keuls post-test was selected for multiple comparisons, was used to test individuals who carried two major alleles with others for each SNP. TNFα, tumour necrosis factor. Additionally, two SNPs in TNFRSF1B (TNFRSF-1B:rs1061624 and TNFRSF1B:rs3397) were found to be significant in patients with CD compared with healthy controls (p<0.05). The TNFRSF1B:rs1061624 AG genotype was found in 27/54 patients with CD (50%) compared with 15/50 healthy controls (30%) (OR 2.3, 95% CI 1.04 to 5.22). The TNFRSF1B:rs3397 CT genotype was found in 31/54 patients with CD (57%) compared with (15/50) healthy controls (30%) (OR 3.1, 95% CI 1.40 to 7.07). Besides, the TNFRSF1B:rs3397 TT genotype was also significantly found in 15/54 patients with CD (28%) compared with (4/50) healthy controls (8%) (OR 4.4, 95% CI 1.36 to 14.14). However, TNFRSF1B:rs1061622
was not found to be significant among patients with CD in comparison to healthy controls (p>0.05). A complete list of SNPs and genotyping frequency is shown in table 3.
snPs downregulate TNFRSF1A and TNFRSF1B gene expression in cd We quantified relative gene expression level of TNFα, TNFRSF1A, and TNFRSF1B in all 104 study participants. Then, we further analysed the data according to each SNP present, in order to find out if SNPs are associated with gene expression level. In general, the relative expression of TNFα was more than three times higher in patients with CD (2.44±0.30), in comparison to healthy subjects (0.72±0.20), regardless of SNPs involved (p<0.5). However, none of TNFα SNPs (rs1800629, rs1799964, and rs1799724) were associated with gene expression level significantly (p>0.05) ( figure 1A-C) .
Overall, the expression level of TNFRSF1A and TNFRSF1B was significantly downregulated in patients with CD (0.38±0.15; p<0.5 and 0.34±0.13; p<0.05, respectively), compared with healthy subjects (0.79±0.24 and 0.66±0.17, respectively) ( figure 1D-I) . Nevertheless, patients with CD with the SNP TNFRSF1A:rs767455 who had GG genotype, had a significantly lower relative gene expression level compared with patients without SNP Figure 2 Influence of (A) TNFRSF1A (rs767455) and (B) TNFRSF1B (rs3397) single nucleotide polymorphisms (SNP) on MAP infection susceptibility in patients with CD (n=54) and healthy subjects (n=50). Infection proportions were compared between SNP genotypes and major alleles in patients with CD and healthy controls separately using two-tailed Z test at p<0.05. CD, Crohn's disease; MAP, Mycobacterium avium subsp paratuberculosis. who had AA genotype (0.26±0.09 vs 0.49±0.12; p<0.5) ( figure 1E ). Similarly, the expression level of TNFRSF1B was significantly lower in patients with CD with the SNP TNFRSF1B:rs3397 who had either CT (0.32±0.11) or TT (0.2±0.09) genotype, compared with patients without SNP (0.59±0.10) who had CC genotype (p<0.5) (figure 1I).
snPs in TNFRSF1A and TNFRSF1B induce susceptibility to MaP infection We evaluated MAP infection status in all 104 study participants by IS900 nPCR analysis, which is very sensitive and specific for MAP. Overall, 31/54 patients with CD were infected with MAP compared with only 4/50 healthy controls (OR 15.5, 95% CI 4.88 to 49.22, p<0.05).
We further looked for any association between a specific genotype in all SNPs we tested and the presence of MAP infection. Interestingly, patients with CD with the SNP TNFRSF1A:rs767455 who had either AG or GG genotype were more susceptible to MAP infection (63% and 66.6%, respectively), while patients with CD without SNP (AA genotype) were 41% infected with MAP. However, this result was not statistically significant (p>0.05) ( figure 2A ). On the other hand, patients with CD with the SNP TNFRSF1B:rs3397 who had either CT or TT genotype were significantly susceptible to MAP infection (58% and 70.5%, respectively), compared with patients with CD without SNP (CC genotype), who were only 17% infected with MAP (p<0.05) (figure 2B). None of the additional SNPs we tested (rs1800629, rs1799964, and rs1799724 of TNFα, rs4149584 and rs4149570 of TNFRSF1A, rs1061624 and rs1061624 of TNFRSF1B) were found to be significantly associated with higher susceptibility to MAP infection.
snP haplotypes distribution and MaP infection susceptibility
After we have identified TNFRSF1A:rs767455 and TNFRS-F1B:rs3397 as SNPs associated with lower gene expression and higher MAP infection susceptibility in patients with CD, we further performed haplotype analysis of these two SNPs. The haplotype frequencies among patients with CD and healthy controls showed a significant difference for the G-T haplotype (p<0.05), which was found in 25/54 patients with CD (46%), while in healthy controls it was 7/50 (14%) (figure 3). Consequently, MAP infection was significantly higher among patients with CD who had the G-T haplotype (17/25) , which contributes to 31% of patients with CD overall, while none of the healthy controls had the G-T haplotype and MAP infection at the same time. As described in table 4, none of the other SNP haplotypes inferred from TNFRSF1A and TNFRSF1B (A-C, G-C and AT) were found to be associated with susceptibility to MAP infection significantly (p>0.05).
dIscussIon
Increased level of TNFα has been found in the inflamed intestinal mucosa of patients with CD, which is considered an essential mediator of immunologic response for this inflammatory disease. 28 Consequently, TNFα plays a role in increasing intestinal permeability, granuloma formation and coagulation pathways. 3 Most recently, we elucidated the relationship between MAP infection and the upregulation of TNFα expression in vitro, which has shown that both MAP and M. tuberculosis induce gene expression significantly in comparison to other mycobacteria and non-mycobacteria strains. 29 Although inhibition of TNFα has shown a positive clinical outcome in some patients with CD, poor response was also found in others, which leaves those patients with severe side effects and higher susceptibility to infections. 13 Therefore, several
Open access pharmacogenetic studies have evaluated the variation of anti-TNFα treatment response among patients with CD in order to predict treatment response ultimately. [17] [18] [19] Genetic polymorphisms in TNFRSF1A and TNFRSF1B were found to be correlated with anti-TNFα treatment response in patients with CD. Specifically, the TNFRS-F1A:rs767455 AG and GG genotype has a significant difference in frequency among non-responders to anti-TNFα treatment compared with the majority of drug responders who had the AA genotype. 16 Similarly, the TNFRSF1B:rs3397 CT and TT also have a significant difference in frequency among anti-TNFα non-responders in comparison to patients with CD who were classified as drug responders (CC genotype). 18 30 However, these observations were limited to drug response only, while the molecular effects of these SNPs were not discussed.
Since MAP is a suspected microbial causative agent of CD, 14 15 31 32 it was worthy to find out if genetic polymorphisms are inducing susceptibility to MAP infection in patients with CD, which will ultimately influence anti-TNFα treatment outcome. Therefore, we tested 104 subjects (54 patients with CD and 50 healthy controls) for selective SNPs in TNFα (rs1800629, rs1799964, and rs1799724), TNFRSF1A (rs4149584, rs767455, and rs4149570) and TNFRSF1B (rs1061624, rs1061622, and rs3397). First, four out of these nine SNPs were found to have a significant difference in frequency among patients with CD compared with healthy controls (TNFα:rs1800629, TNFRSF1A:rs767455, TNFRSF1B:rs1061624 and TNFRS-F1B:rs3397), which also correlates with previous reports. [33] [34] [35] Second, we quantified gene expression level of TNFα, TNFRSF1A and TNFRSF1B in all study participants. We found that TNFα relative expression level is about 3.4-fold higher in patients with CD compared with healthy controls overall. However, none of TNFα-associated SNPs had a significant association with TNFα gene expression level. The expression of TNFRSF1A and TNFRSF1B was significantly downregulated (~2-fold) in patients with CD compared with healthy controls regardless of SNPs involved. Furthermore, the SNPs TNFRS-F1A:rs767455 and TNFRSF1B:rs3397 were both found to be associated with a significant lower gene expression. Additionally, MAP infection was predominantly found among patients with CD in comparison to healthy controls (57% vs 8%, respectively). Interestingly, MAP infection was also associated with the SNPs TNFRSF1A:rs767455 and TNFRSF1B:rs3397. Furthermore, our SNP haplotype analysis of TNFRSF1A:rs767455 and TNFRSF1B:rs3397 indicates that the G-T haplotype has a significant difference in frequency among patients with CD (46%) and MAP infection susceptibility is also associated with this specific haplotype (31%).
It is relevant to compare between MAP and M. tuberculosis infection since mycobacterial protein tyrosine phosphatase (PtpA) in MAP shares 90% homology to PtpA in M. tuberculosis. 36 This protein inhibits phagosome-lysosome fusion in the macrophage by dephosphorylating the host vacuolar protein sorting 33B. Consequently, the pathogen will be able to avoid containment eradication and it establishes a successful intracellular infection by preventing fusion of lysosome and phagosome into the phagolysosomal complex. 37 38 Therefore, the primary mechanism for MAP eradication is by inducing apoptosis of the infected macrophage through TNFα-dependent mechanism. 39 40 This is a critical point when we consider anti-TNFα treatment for patients with CD who are infected with MAP. In addition to genetic testing of selective SNPs we discussed, MAP infection screening method should be implemented before initiation of therapy. Finally, in figure 4 , we suggest following a treatment algorithm for CD, based on patient's haplotype inferred from TNFRSF1A rs767455 (A/G) and TNFRSF1B rs3397 (C/T).
